Abstract. Pancreatic cancer is one of the most malignant types of tumor. It is important to elucidate the underlying molecular mechanisms of pancreatic tumorigenesis and to identify novel biomarkers as therapeutic targets of pancreatic cancer. In the present study, the protein expression levels of Wnt inhibitory factor 1 (WIF1) and receptor tyrosine kinase-like orphan receptor 2 (ROR2) were examined in a collection of pancreatic ductal carcinoma and benign pancreatic lesion tissue samples using immunohistochemistry. The positive expression rate of WIF1 protein in pancreatic ductal carcinoma was demonstrated to be significantly decreased compared with that of the paracancerous tissue, benign lesions and wild-type pancreatic tissue (P=0.002, P<0.0001, P=0.001, respectively). The positive expression rate of ROR2 protein in pancreatic ductal carcinoma was demonstrated to be significantly increased compared with that of the paracancerous tissue, benign lesions and wild-type pancreatic tissue (P<0.0001). There was a negative association between WIF1 and ROR2 expression in the pancreatic ductal carcinoma samples (P=0.004). The survival period of patients with negative WIF1 and positive ROR2 protein expression was demonstrated to be significantly decreased compared with that of patients with positive WIF1 and negative ROR2 protein expression (P<0.0001). The expression levels of WIF1 and ROR2 protein reflected the incidence, development, clinical and biological behavior, and prognosis of pancreatic ductal carcinoma. Patients with negative WIF1 and positive ROR2 protein expression had poor prognosis. The results indicate that WIF1 and ROR2 are important biomarkers in pancreatic cancer.
Introduction
Pancreatic cancer is one of the most fatal and malignant types of tumor (1) . Most patients, when diagnosed, have developed late-stage pancreatic cancer and have lost the opportunity for radical surgery (2) . Therefore, it is crucial to elucidate the underlying molecular mechanisms of pancreatic tumorigenesis and to identify novel biomarkers as therapeutic targets of pancreatic cancer.
Wnt proteins belong to the secreted Frizzled-related protein (sFRP) family and are rich in cysteine residues (3). They serve an important role as intermediates in growth, development and hematopoietic signaling pathways (4) . Wnt inhibitory factor 1 (WIF1) was initially identified in human retinas, and has a negative regulatory role in the Wnt/β-catenin signaling pathway (5) . WIF1 is an evolutionarily conserved protein encoded by a gene located on chromosome 12q14, including an N-terminal signal sequence, a WIF1 domain and five consecutive structures similar to domains within epidermal growth factor (5) . Abnormal activity of WIF1 has been observed in multiple types of human tumor, including lung cancer (6) , prostate cancer (7), breast cancer (8) , bladder cancer (9) and nasopharyngeal carcinoma (10) . WIF1 exhibits marked perinuclear expression in wild-type lung, prostate, breast and bladder epithelial cells (6) (7) (8) (9) . However, the expression of WIF1 was decreased significantly in 23% of prostate cancer, 60% of breast cancer, 75% of non-small cell lung cancer and 26% of bladder cancer cases (11) . In non-small cell lung cancer, prostate cancer and breast cancer, no association Association between Wnt inhibitory factor 1 and receptor tyrosine kinase-like orphan receptor 2 protein expression and the clinical pathological significance in benign and malignant pancreatic lesions was observed between progression stage and decreased expression of WIF1. These observations indicated that, with the exception of bladder cancer, where the expression of WIF1 was decreased in advanced stages, the expression of WIF1 in these tumor tissues was decreased during the early stages (11) . WIF1 mRNA and protein expression was decreased in 80% of esophageal cancer, 74% of gastric cancer, 82% of colorectal cancer and 75% of pancreatic cancer cases (12) . Receptor tyrosine kinase-like orphan receptor 2 (ROR2) is a member of the receptor tyrosine kinase (RTK) family (13) . A number of members of the RTK family serve an important role in the morphogenesis and histodifferentiation of mammalian cells (14) . It has also been demonstrated that ROR2 is able to participate in signaling as the receptor of protein Wnt5a precursor (Wnt5a) between the Janus kinase-signal transducer and activator of transcription 3, and Wnt/c-Jun N-terminal kinase signaling pathways (15, 16) . According to previous studies, ROR2 expression is associated with the tumorigenesis, progression, biological behavior and prognosis of various types of malignant tumor, including gastric cancer (17) , rectal carcinoma (18) , liver cancer (19) , breast cancer (20) , esophageal squamous cell carcinoma (20) and medulloblastoma (21) . Furthermore, studies have demonstrated that the majority of malignant tumor types with elevated ROR2 expression levels exhibited poor differentiation ability, advanced clinical stage, and increased metastasis and invasion, indicating that patients with increased ROR2 expression exhibit a poor prognosis (22, 23) . As a result, ROR2 may prove to be an important biomarker in the prognosis of patients with malignant tumors (24) .
In the present study, the expression levels of WIF1 and ROR2 protein were studied in 106 patients with pancreatic ductal carcinoma, 35 patients with paracancerous tissue, 55 patients with benign lesions and 13 wild-type pancreatic tissues. The clinical and pathological significance were also studied to further examine the potential association between expression levels of WIF1 and ROR2 protein, and the prognosis of patients with pancreatic ductal carcinoma.
Materials and methods
Tissue specimens. Pancreatic cancer biopsies from 106 patients with pancreatic cancer who had undergone surgery were collected between January 2000 and December 2011 at the Hepatobiliary Surgery Department of the Second Xiangya Hospital of Central South University (Changsha, China) and the Department of General Surgery of the Third Xiangya Hospital of Central South University (Changsha, China). The present study was approved by the Human Ethics Committee of Central South University and patients provided written informed consent. Biopsies were from patients who were all diagnosed with pancreatic ductal carcinoma who did not accept radiotherapy and/or chemotherapy treatment prior to surgery. There were 61 males (57.5%) and 45 females (42.5% Chronic pancreatitis cases were categorized as mild (10 cases), moderate (6 cases) and severe (4 cases). Among these patients with chronic pancreatitis, three patients had complications with slight atypical hyperplasia, six patients had complications with moderate atypical hyperplasia and four patients had complications with severe atypical hyperplasia. In addition to these categories, the glandular epithelium demonstrated atypical hyperplasia in three patients, moderate hyperplasia in two patients and severe atypical hyperplasia in one patient. With respect to the adenoma, there were 15 cases of serous adenoma and five cases of mucous adenoma, among which the glandular epithelium demonstrated mild atypical hyperplasia in four patients, moderate atypical hyperplasia in three patients and severe atypical hyperplasia in two patients. For the intraepithelial neoplasia, six cases were of grade I, five cases were of grade II and four cases were of grade III. Wild-type pancreatic tissue of 13 cases was also collected to serve as a control. All aforementioned biopsy samples were fixed in 4% formaldehyde at room temperature for 24-48 h following collection and embedded in paraffin followed by sectioning at 4 µm.
Immunostaining. The rabbit-anti-human WIF-1 (cat. no. AP2723b; dilution, 1:50) and rabbit-anti-human ROR2 (cat. no., AP7672d; dilution, 1:50) polyclonal antibodies were purchased from Abgent (San Diego, California, USA). WIF-1 and ROR2 immunohistochemistry was carried out using the EnVision™ system [ChemMate™ EnVison+/horseradish peroxidase (HRP)/3,3'-diaminobenzidine (DAB), rabbit/mouse two step staining method], according to the protocol of the manufacturer (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA). The slides were dried overnight at 65˚C, deparaffinized in xylene and dehydrated using a series of graded alcohols. Heat-induced epitope retrieval was conducted with sodium citrate buffer (10 mM sodium citrate, 0.05% Tween-20, pH 6.0) at 96˚C for 30 min. Endogenous peroxidase activity was inhibited by incubating the sections in 3% hydrogen peroxide for 15 min at room temperature. Nonspecific binding sites were blocked with 10% normal goat serum for 10 min. The slides were incubated with 50 µl rabbit anti-human WIF-1 and rabbit-anti-human ROR2 at 37˚C for 1 h. The slides were washed in PBS 3 times for 5 min. The sections were incubated with 50 µl Solution A (ChemMateTMEnVison+/HRP) at 37˚C for 30 min and washed in PBS 3 times for 5 min. DAB (Dako Real DAB+Chromogen, K5007) was applied for ~2 min and removed by rinsing with distilled water. The slides were counterstained with hematoxylin. The sections were dehydrated, soaked in xylene, and mounted with neutral resin.
Cells with brown punctate perinuclear staining following immunostaining with anti-WIF1 antibody were considered positive, and cells with cytoplasmic staining following immunostaining with anti-ROR2 antibody were considered ROR2-positive. A total of 400 cancer cells in 10 high-power fields (magnification, x400 using an Olympus BX51 microscope) were scored randomly to determine the proportion of positive cells. Cases with ≥25% positive cells were considered positive and cases with <25% positive cells were considered negative. Positive sections purchased from Beijing Zhongshan Jinqiao Biotechnology Co., Ltd. (Beijing, China) were used as the positive controls and 5% 0.01 mol/l PBS (pH 7.4) was used instead of WIF1 and ROR2 antibodies as the negative control.
Statistical analysis. All experimental data were analyzed using SPSS software (version 13.0; SPSS, Inc., Chicago, IL, USA). A χ 2 test or Fisher's exact test was used to analyze the association between WIF1 and ROR2 protein expression, and the histological and clinical factors. The Kaplan-Meier estimator was used for univariate survival analysis and the log-rank test. The Cox proportional hazards model (LR method; P<0.05 for inclusion) was used for multivariate survival analysis and to determine the odds ratios (OR) 95% confidence interval (95% CI). P<0.05 indicated statistical significance. Association between WIF1 and ROR2 protein expression, and the clinicopathological features of pancreatic ductal carcinoma. Positive expression rates of WIF1 protein were increased in cases that were well differentiated, with a maximum tumor diameter of <3 cm, and that had no lymph node metastasis or surrounding organ invasion, and that were of TNM stage I/II compared with in cases that were poorly differentiated, with a maximum tumor diameter of >5 cm, that had lymph node metastases with surrounding organ invasion and that were of TNM stage III/IV (P<0.05). By contrast, positive ROR2 protein expression rates were significantly decreased in cases that were well differentiated, with a maximum tumor diameter of <3 cm, that had no lymph node metastasis or surrounding organ invasion Fig. 3 ). The mean survival time of ROR2-positive cases was significantly decreased compared with that of ROR2-negative cases (P<0.0001; Table III and Fig. 3 ). Cox's proportional hazards model demonstrated that, although there was a negative correlation between poor differentiation, maximum tumor diameter of <3 cm, TNM stage III/IV, lymph node metastasis, surrounding organ invasion and the post-operative survival rate, there was a positive correlation between these factors and the death rate. These results indicated that these factors were risk factors and independent prognostic factors. Positive WIF1 protein expression had a positive correlation with the post-operative survival rate and a negative correlation with the post-operative death rate, making it a protective factor; however, positive ROR2 protein expression was identified to have a negative correlation with the post-operative survival rate and a positive correlation with the death rate, making it a risk factor (Table IV) . Therefore, WIF1 and ROR2 are independent prognostic factors.
Results

Expression
Discussion
The Wnt signaling pathway is characterized into the classical and the non-classical signaling pathways. The Wnt receptor protein complex includes Frizzled, low-density lipoprotein (LRP) 5 and LRP6 (25) (26) (27) . Due to their function and the means by which they bind Wnts and their receptors, WIF1, sFRP and Cerberus belong to the Wnt antagonist family. Wnt antagonists prevent Wnt from binding with its receptor protein complex by directly binding to the Wnt protein, β-catenin is targeted to a multimeric protein complex called destruction complex for its phosphorylation. This is achieved by CK1-mediated phosphorylation at Ser45, followed by Ser33, Ser37, and Thr41 phosphorylation by glycogen synthase kinase (GSK) 3β (28) , which leads to decreased cytoplasmic accumulation of β-catenin. This further inhibits the classical signaling pathway and the non-classical signaling pathway (29) . Transfection of the WIF1 gene into TE-1 esophageal cancer cells or SW48 colon cancer cells inhibited clone formation, cell proliferation and growth in vitro potentially due to loss of WIF1 protein expression. TOPflash analysis demonstrated that, among these cancer cells, WIF1 inhibited the classical pathway (12) . A study of the role of WIF1 in lung cancer by Reguart et al (30) demonstrated that the complete WIF1 promoter serves a critical role in the activity of WIF1 and demonstrated that, in cancer cells, the activity of β-catenin was associated with the activity of WIF1 promoter. These results indicated that the WIF1 promoter may be regulated and controlled by the Wnt/β-catenin signaling pathway and serves a negative feedback role. The results of the previous study also demonstrated that, in lung cancer, the methylation of CpG islands surrounding the WIF1 promoter serves an important role in regulating the activity of the Wnt signaling pathway. In mammals, the methylation of CpG regulates the expression of genes (31) . In cancer, the non-methylated CpG island sequence of a tumor suppressor gene decreases, whereas the CpG site in the CpG island presents an increased level of methylation, enhancing the degree of spiralization of the chromosome and the deactivation of the expression of the tumor suppressor gene (32). Taniguchi et al (12) analyzed the expression of WIF1 in esophageal, gastric, colorectal and pancreatic cancer.
The results of the methylation-specific polymerase chain reaction demonstrated that hypermethylation of CpG islands in the region surrounding the WIF1 promoter was associated with the decreased expression of WIF1 (12) . The activity of WIF1 was recovered using 5-aza-2'-deoxycytidine for demethylation, suggesting that cytosine methylation and histone deacetylation serve a role in silencing WIF1 expression (12) . As WIF1 inhibits the Wnt signaling pathway, reversing the silencing of WIF1 expression through the use of a demethylating agent may serve a positive role in the treatment or prevention of cancer. Decreased or silenced expression of WIF1 in rectal Table II . Association between WIF1 and ROR2 protein expression, and the clinicopathological characteristics of patients with pancreatic ductal carcinoma. carcinoma, chronic leukemia and pleural mesothelioma was caused by hypermethylation of CpG islands within the WIF1 promoter (9, (33) (34) (35) . Immunohistochemical analysis indicated that there was a strong immunostaining signal for WIF1 around the nucleus of wild-type epithelial cells of prostate, breast, lung and bladder tissue. However, in 23% of prostate cancer, 60% of breast cancer, 75% of non-small cell lung cancer and 26% of bladder cancer tissues, the expression of WIF1 decreased markedly (11) . There was no significant association between decreased WIF1 expression and tumor development in prostate cancer, breast cancer and non-small cell lung cancer tissues, indicating that WIF1 expression decreased in the early stages of these tumors, whereas in bladder cancer, WIF1 decreased in the later stages (11) . The expression of WIF1 mRNA and protein decreased in 80% of esophageal carcinoma, 74% of gastric cancer, 82% of rectal carcinoma and 75% of pancreatic cancer cases (12) . ROR family receptors belong to the orphan receptor group of RTKs and are evolutionarily conserved. In mammals, the ROR family includes two types of protein, ROR1 and ROR2, which have a similar structure. ROR2 is important in the growth and development of the nervous system and the limbs. Previous studies have demonstrated that ROR is able to participate in the regulation of the classical and non-classical Wnt signaling pathways by binding to Wnt5a, casein kinase I and other factors (36) . However, the association between ROR2 and tumor cell migration remains unclear (37) . ROR2 protein has three functional domains, including the cytoplasmic domain, the transmembrane domain and the extracellular domain (38) . ROR2 was identified to have a Wnt receptor domain-like structure (38) . Following Wnt5a binding, the signaling pathway mediated by ROR2 is activated. The Wnt5a protein may, through this signaling pathway, serve an antagonistic role in the classical Wnt signaling pathway (39) (40) (41) . However, when Frizzled4 and LRP receptors were expressed on the cell surface, the association between Wnt5a and ROR2 decreased or was eradicated. The role of ROR2 and Wnt5a in cancer is complex, depending on the tumor type and molecular context. ROR2 and Wnt5a prompted the investigation of the possible underlying molecular mechanisms for the diverse roles of Wnt5a in different types of cancer (39, (42) (43) (44) . To the best of our knowledge, there have been few studies on the role of ROR2 in the incidence and development of human cancer. It has been observed that the expression of ROR2 protein is associated with the incidence, development, biological behavior and prognosis of multiple types of malignant tumor, including gastric cancer (14) , rectal carcinoma (15), liver cancer (16), breast cancer (17), esophageal squamous cell carcinoma (17) and medulloblastoma (18) . Previous studies have identified that malignant tumors with increased ROR2 protein expression levels are frequently poorly differentiated in later clinical stages and exhibit metastasis and invasion, suggesting that ROR2 is an important biomarker in the prognosis of patients with these malignant tumors. Patients with increased ROR2 protein expression may have poor prognoses (42) (43) (44) (45) (46) . In the present study, the positive WIF1 protein expression rate in pancreatic ductal carcinoma was significantly decreased compared with that in the paracancerous tissue and benign lesions. However, the opposite phenomenon was observed for the positive ROR2 protein expression rate. In the wild-type pancreatic tissue, WIF1 protein was expressed positively, whereas ROR2 protein was expressed negatively. Furthermore, the paracancerous epithelium and the ductal epithelium of benign lesions with positive ROR2 and/or negative WIF1 expression displayed, and the ductal epithelium of benign lesions demonstrated mild to severe atypical hyperplasia or intraepithelial neoplasia grade II and III. The positive WIF1 protein expression rate in cases that were well differentiated, with no lymph node metastasis or surrounding organ invasion and at TNM stage I/II was significantly Table IV. Cox's proportional hazards model of overall survival in pancreatic ductal carcinoma patients. increased, compared with that in cases that were poorly differentiated with lymph node metastases, surrounding organ invasion and at TNM stage III/IV. The positive ROR protein expression rate in cases that were well differentiated, with no lymph node metastasis or surrounding organ invasion and at TNM stage I/II was significantly decreased compared with that in cases that were poorly differentiated with lymph node metastases, surrounding organ invasion and at TNM stage I/III/IV. In pancreatic ductal carcinoma, there was a negative association between WIF1 and ROR2 protein expression. Using Kaplan-Meier estimator survival analysis, a statistically significant association between the mean survival time, and the differentiation level, maximum tumor diameter, TNM stage, lymph node metastasis and surrounding organ invasion was identified. The survival time of WIF1-positive cases was significantly increased compared with that of WIF1-negative cases, whereas the survival time of ROR2-positive cases was significantly decreased compared with that of ROR2-negative cases. Cox's proportional hazards model indicated that there was a negative association between the post-operative survival rate, and poor differentiation, a maximum tumor diameter of ≥3 cm, TNM stage III/IV, lymph node metastases and surrounding organ invasion; however, there was a positive association between the death rate and these factors. These results indicated that these factors are risk factors and independent prognostic factors. There was a negative association between the post-operative survival rate and negative WIF1 protein expression and positive ROR2 protein expression; however, there was a positive association between the survival rate, and negative WIF1 protein expression and positive ROR2 protein expression. These results indicate that WIF1 and ROR2 are risk factors and independent prognostic factors, and that the protein expression levels of WIF1 and ROR2 reflect the development, biological behavior and prognoses of pancreatic ductal carcinoma. WIF1 and ROR2 may interact with each other in the development of pancreatic ductal carcinoma. Further studies are required to elucidate the underlying molecular mechanisms.
